Radiation pattern measurements from optical fibers, (a) far field is qiven by 1(8) The meridional ray in a step index fiber makinq the maximum possible angle, e^, with the fiber axis. 2a) (1) from the fiber end, where X is the wavelength of liqht and a the core radius [1] . When z » z Q , the amplitude (electric field) distribution in the far-field is closely related to the spatial Fourier transform of the amplitude distribution existing at z = 0, [1] .
In practice, far-field measurements are made at distances greater than 10 z from the fiber end.
For the standard graded index core diameter of 50 \m and a wavelenqth of 1 ym, 10 z Q is 2.5 cm.
For the standard step index core diameter of 100 iim, the distance becomes 10 cm.
Both of these lenqths represent convenient laboratory workinq distances.
Radiation patterns are measured on either short or lonq lenqths of fiber, dependinq [7] . This measurement is usually made in the far field of a short, 2 m lenqth excited at a specified wavelenqth using overfilled launchinq conditions; i.e., constant irradiance over the core with a launch anqle greatly exceedinq the fiber acceptance anqle.
In early fiber work, the cone anqle containinq 90 percent of the transmitted power was determined by either inteqratinq a far-field intensity pattern or by translatinq an aperture in the far field.
The sine of the half anqle of this cone was frequently termed "90 percent numerical aperture."
More recent procedures pendinq before standards qroups define radiation anqle directly from a far-field intensity pattern [8] .
In this instance, radiation anqle is defined as the half anqle where the far-field intensity has decreased to 5 percent of the peak value. The sine of this angle, for near parabolic index multimode fibers, is close to the index defined numerical aperture.
Historically, the term "numerical aperture" (NA) has been used to describe the larqest angle meridional ray accepted by a fiber, figure 2-2, with
where m is the core index of refraction, m the cladding index, and A is defined by the above equations. While figure 2-2 applies to step fibers, analysis shows that the numerical aperture of graded index fibers is also given by eg (2) with ni being the on-axis index of refraction [9] .
The sine of the radiation angle based on the 5 The radial index profile difference, n(r) -n->, is given by
C(r,z)
where n(r) is the index in the core, no the cladding index, P(r) the near-field intensity as a function of radius, and C(r,z) the correction factor. C(r,z) depends on the nominal profile shape, fiber lenqth, and radial position. C(r,z) is zero at the core center and gradually rises to a maximum f\ear 0.9a, where a is the core radius. As an example [14] [17] . Some of these problems may be alleviated in a recently described "modified near-field" technique [18] . Despite some limita- Overfilled launchinq conditions are used for most of the measurements, Reducing aperture size to improve resolution, and hence accuracy, would not be important for most measurements which are relative comparisons (Table I) As previously mentioned, the finite angular resolution introduces an error when determininq the radiation angle. This error is estimated to be less than 1.6 percent. 
Dynamic Ranqe
Signal -to-noise ratio was determined by attenuating the source until the noise level was observed. Figure 4 -4(A) shows the far field from a fiber having a loss of 5 dB when excited with overfilled launch conditions. In figure 4-4 One mode filter possibility is a series of serpentine, macroscopic bends, fiqure 5-2. This geometry in a step index fiber has been previously used as a mode-scrambler for bandwidth measurements [23] [24] .
The specific geometry used here consists of eleven, 9 Near-field measurement system based on a radial scan of a magnified near-field image.
Fibers were first aligned visibly with the eyepiece; no further improvement in the focus of index dips could be obtained at the detector using 850 nm light.
The source used with the near-field system was previously described in section 3. The main conclusion from figure 7-1 is that the system has no appreciable dc drift during a 10 minute period.
In practice, new ends must be prepared and the system refocused.
To determine this precision, near-field measurements were repeated four times with new end preparation and alignment for each measurement. Three fibers, two graded and one step, 0, E, and C, were used for this test; results on E and C are given in figures 7-2, and 7-3.
For fibers E and 
NA Where x is the wavelength and NA refers to the collected numerical aperture [26] . In a more detailed treatment where mode amplitudes are summed, Adams et al . , show that near-field resolution is related to the number of propagating modes and, for a near parabolic fiber is approximately 2 a/V, where V is the normalized frequency [27] .
V is given by [9] as V =ll a (NA) .
X Thus, the resolution becomes X/ttNA, which is about a factor of two less than eq (8 shows the narrowest index dip, 2.5 m FWHM, observed with the system. Figure 7-4 This happens when the preform is either consolidated or collapsed and dopants evaporate out of the axial region [9] . Attempts have been made to compensate this process, giving rise to index peaks in cases of overcompensation [28] . This section is 
